A retrospective, single-center clinical study with follow-up of more than 24 months. Purpose: To evaluate the union rates and relevant risk factors for non-union after posterior lumbar interbody fusion (PLIF) using porous-coated closed-box titanium spacers. Overview of Literature: Although the use of a closed-box interbody spacer for PLIF could avoid potential complications associated with the harvesting of autologous bone, few studies have reported detailed follow-up of fusion progression and risk factors for nonunion in the early postoperative period. Methods: PLIF using closed-box spacers without filling the autologous bone was performed in 78 (88 levels) consecutive patients. Surgical procedures included PLIF using traditional pedicle screw fixation (PLIF, n��7), PLIF using cortical bone tra�ectory screw fi xa-, n��7), PLIF using cortical bone tra�ectory screw fi xa-n��7), PLIF using cortical bone tra�ectory screw fixation (CBT-PLIF, n��0), and transforaminal lumbar interbody fusion with traditional pedicle screw fixation (TLIF, n�11). Lateral dynamic radiography and computed tomography findings were investigated, and the relationship between the union status and variables that may be related to the risk of non-union was tested statistically. Results: The overall bone union rates at 12 and 24 months were 68.0% and 88.5%, respectively. Incidences of bone cyst formation, subsidence, and retropulsion of spacers were ��.�%, 47.4%, and 14.1%, respectively. Union rates at 24 months were 94.6% in PLIF, 80.0% in CBT-PLIF, and 90.9% in TLIF. Multivariate logistic regression analyses showed that at 12 months postoperatively, the risk factor for non-union was age >75 years (p�0.02). In contrast, no significant risk factor was observed at 24 months. Conclusions: These findings demonstrated the efficacy of interbody closed-box spacers for PLIF without the need to fill the spacer with autologous bone. However, the risk of non-union should be considered in elderly patients, especially intra-operatively and during the early postoperative stage.
Introduction
Posterior lumbar interbody fusion (PLIF) is a standard surgical technique for treating degenerative diseases of the lumbar spine. The objective of PLIF is to simultaneously stabilize the lumbar spine in a balanced alignment, reestablish the intervertebral disc height, and mechanically decompress both, the dural sac and the nerve root [1] [2] [3] .
For fusion of the anterior column; bone grafts; hydroxyapatite blocks; or cages made of different materials, such as titanium, carbon, or polyether ether ketone (PEEK), and in different shapes are used to provide mechanical stability and promote solid interbody fusion. In most cases, the bone graft material is harvested from the iliac crest; however, in 1%-39% of cases, this results in complications of infection, pain, and sensory dysfunction [4] [5] [6] .
In order to avoid such complications, the use of closedbox interbody spacer is an option that could avoid the need for filling with autologous bone and can thus be widely accepted in clinical practice. Kroppenstedt et al. [7] performed radiographical assessment of implanta-performed radiographical assessment of implantation of one or two spacers in PLIF surgery and found that segmental stability at 8 years postoperatively was achieved in 95.5% of cases with a single spacer and in 95.8% with two spacers. Although this report investigates the longterm radiographical findings, detailed follow-up of fusion progression and the relationship between the union status and related variables affecting non-union were not considered. Further, to our knowledge, no study has compared the union rates of PLIF using closed-box spacers with various pedicle screw insertion techniques. This study aimed to reveal the union rates and relevant risk factors for non-union after various PLIF techniques using closedbox interbody spacers in the early postoperative period.
Materials and Methods
This study is a single-center, retrospective clinical study. Total 84 consecutive patients who underwent PLIF using closed-box titanium spacers from April 2013 to March 2015 were eligible for this study. Seventy-eight patients who could be followed up for at least 24 months were selected retrospectively. We collected demographic data regarding age, sex, underlying cause of surgery, surgical procedure, level, number of interbody fusions, estimated blood loss, operating time, and surgeon experience. A senior surgeon was defined as a spine surgeon with at least 10 years of surgical experience, while a junior surgeon was someone with a surgical experience of ≤10 years.
In all the surgical procedures, after intervertebral dissection, grafts of minced local bone were inserted into the intervertebral space before inserting the spacers. In the PLIF procedure, two spacers were inserted bilaterally into the intervertebral space using traditional pedicle screw fixation. In transforaminal lumbar interbody fu-sion (TLIF), the intervertebral space was accessed via a unilateral transforaminal approach, and a single spacer was used and inserted obliquely using traditional pedicle screw fixation. In the PLIF using cortical bone trajectory screws (CBT-PLIF), pedicle screws were inserted via mediolateral-and caudorostral-directed paths, and two spacers were inserted into the intervertebral space bilaterally. In this study, rectangular-shaped titanium block spacers (ProSpace; B. Braun Aesculap, Tuttlingen, Germany) with porous titanium coating were used. The heart of this implant is a solid titanium alloy core (Ti6AI4V), and the core is mantled with proven pure titanium coating. The mean porosity of the coating is approximately 37%, and the size is controlled between 50 and 200 μm. This coating could create a bioactive surface to maximize the contact area for bony ingrowth due to its balanced pore depth, porosity, and roughness. Only ingrowth of bone into the spacer surface was intended; therefore, in theory, filling of the autologous bone was not required [7] .
Bone union was assessed using lateral dynamic radiography and computed tomography (CT) findings following surgical treatment. We also reviewed the occurrence of bone cysts, subsidence, and retropulsion of the spacers. A 64-line multi-slice CT scanner was used, and 1-mmthick axial helical slices were obtained using a CT scanner. These slices were then used for CT-multi-planar recon-CT-multi-planar recon-multi-planar reconstruction (CT-MPR). The criteria for radiological assessment of bone union were as follows ( Fig. 1 ): (1) More than 3° of motion on flexion-extension in the radiograph was considered to indicate non-union. (2) Non-union was defined as the presence of a visible gap between the vertebral Fig. 1. (A, B ) Bone union of interbody fusion is defined as the condition where no gap is visible between the endplates and the spacer, and/or the mobility on flexion-extension radiographs is ≤�°.
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endplate and spacer or radiolucency around the pedicle screws on a radiograph and/or a CT-MPR image [8] [9] [10] .
A bone cyst was defined as cystic formation on and/or in an endplate [9] . Radiographic subsidence was defined as any compromise of either endplate [11] . Retropulsion of a spacer was defined as any movement of the posterior margin of the spacer in comparison with the lateral view radiograph taken immediately after surgical treatment.
Intervertebral disc angle was calculated by the lateral view radiograph in the pre-, post-, and 24 months postoperative stage. All the patients wore a lumbosacral orthosis for at least 3 months postoperatively. The modified MacNab criteria were used for assessing the clinical outcomes. It defined excellent outcome as no pain and no restriction of activity; good outcome as occasional pain, without the need for medication and no restriction of activity; fair outcome as somewhat improvement and need of medication, with some restriction of daily activity; and poor outcome as no improvement or worsening, and/or need for further operative intervention [12, 13] .
The included patients were classified into two groups as per the condition of bone union at 24 months, and differences between the two groups were assessed using Fisher's exact test for categorical variables (age, sex, osteoporosis, surgical characteristics, surgical procedures, and CT findings) using Prism 5.0 (GraphPad Software Inc., La Jolla, CA, USA). In order to elucidate the prognostic risk factors for non-union at 12 and 24 months, multivariate logistic regression analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria) [14] . More precisely, it is a modified version of R commander designed to add statistical functions frequently used in biostatistics. Odds ratios for non-union and their 95% confidence intervals were calculated as an approximation of the relative risk estimates. The factors included in the multivariate model were sex, two-level fusion and those factors with a nonunion rate at 24 months of at least 15% (Table 1) : age ≥75 years, junior surgeon, bone cyst, subsidence, retropulsion, and CBT-PLIF. A value of p<0.05 was considered statistically significant.
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Results
The study population of 78 patients included 39 men and 39 women, with a mean age was 66.0 years (range, 26-82 years) ( Table 2 ). The patients' diagnoses were as follows: lumbar spinal stenosis (n=47), degenerative spondylolisthesis (n=16), lumbar disk herniation (n=9), ischemic spondylolysis (n=5), and adjacent segmental disorder (n=1). Sixty-eight patients underwent single-level fusion, and 10 underwent two-level fusion. Of the total 88 disks, fusion segments were as follows: L2/3 (n=1), L3/4 (n=10), L4/5 (n=53), and L5/S1 (n=24). Surgical procedures con-, and L5/S1 (n=24). Surgical procedures con-and L5/S1 (n=24). Surgical procedures consisted of conventional PLIF (n=37), CBT-PLIF (n=30), and TLIF (n=11). The mean operation time was 177.1 minutes, and the mean estimated blood loss was 218.5 mL.
Total bone union rates at 12 and 24 months were 67.9% and 88.5%, respectively (Tables 1, 3 ). Bone union rates at 24 months according to each surgery-related variable were 94.5% in PLIF, 80.0% in CBT-PLIF, and 90.9% in TLIF, (Table 3) . Intervertebral disc angles before, after, and 24 months after the surgery were 3.8°, 8.1°, and 6.3° in the union group and 4.1°, 8.3°, and 5.4° in the non-union group, respectively, without any statistical difference. To evaluate the effect on non-union, variables were compared between the union and non-union groups ( Table 1) . Uni-1). Uni-). Univariate analyses revealed that no variable had a significant effect on non-union at 24 months. Thus, multivariate regression analyses were performed using all the variables with non-union rates of >15% at 24 months, sex, and twolevel fusion. In the result, age >75 years was the only risk factor for non-union at 12 months (p=0.02). In contrast, no variable was identified as a relevant significant risk factor of non-union at 24 months (Tables 4, 5 ).
Discussion
In this study, we addressed the incidence and risk factor for non-union of closed-box titanium spacers without filling with autologous bone following various PLIF procedures. Multivariate logistic regression analyses revealed that the only risk factor for non-union at 12 months was age >75 years, while there was no significant risk factor at 24 months after the surgery.
Several studies have reported interbody bone union rates after PLIF surgery with autologous bone or other types of cage filling with autologous bone of 82%-90% in PEEK cages [9, 15, 16] , 96% in titanium cages [10] , 87%-94% in carbon fiber reinforced polymer cages [8, 17] , 88%-96% in PEEK cages coated with carbon fiber [18] , and 96% in hydroxyapatite blocks with autogenous iliac bone [19] . In this study, the overall bone union rate at 24 months was 88.5%, similar to previous reports, indicating fusion potential of closed-box titanium spacers as an intervertebral supporter following PLIF. Although there was no difference in the union rates among three surgical procedures from the statistical standpoint, the union rate of CBT-PLIF was lower (56.7% at 12 months and 80.0% at 24 months) than that of others (75.6% and 94.5% in PLIF and 72.7% and 90.9% in TLIF at 12 and 24 months, respectively). Sakaura et al. [18] reported that the union rate of CBT-PLIF was lower than that of conventional PLIF and speculated that shorter lever arm in the screw trajectory might result in weakness of impaction between cages and vertebral bodies in the perpendicular direc- CBT-PLIF �0 (�9) TLIF 11 (14) Values are presented as mean±standard deviation or number (%). PLIF, posterior lumbar interbody fusion; CBT-PLIF, PLIF using cortical bone tra�ectory screws; TLIF, transforaminal lumbar interbody fusion.
tion. Retropulsion of cages is also believed to be caused by insufficient compressive force between the cages and vertebral bodies [20, 21] . Although the incidence of retropulsion in CBT-PLIF was highest among the three surgical procedures, it did not affect the union condition significantly. Matsukawa et al. [22] experimentally demonstrated that the screw diameter and length within the vertebral body are important factors in axial compression loading, suggesting that longer screw insertion could overcome the weakness of CBT screw techniques. A positive cyst formation in the endplate is strongly correlated with non-union or delayed-union following PLIF [9] . Subsidence is also demonstrated to be related to non-union, with the reported incidence of subsidence being about 8%-17% in PEEK cages [11] . In this study, although no significant difference was observed between union and non-union in cases with bone cyst or subsidence, the incidences were higher than those in previous reports. We hypothesize that there are three reasons for higher incidences, including the hardness of closed-box titanium spacers, the fragility of the spinal bone in elderly patients, and/or traumatic intra-operative procedures. In fact, Young's modulus of titanium alloy (Ti6AI4V) is about 110 GPa [23] . Simultaneously, metallic biomaterial requires a low Young's modulus close to that of the bone (10-30 GPa) to prevent born resorption [24] . Although there was no relationship between the presence of osteoporosis and non-union, older age (>75 years) was the only Values are presented as number (%). CT, computed tomography; PLIF, posterior lumbar interbody fusion; CBT-PLIF, PLIF using cortical bone tra�ectory screws; TLIF, transforaminal lumbar interbody fusion. CBT-PLIF, posterior lumbar interbody fusion using cortical bone tra�ec-posterior lumbar interbody fusion using cortical bone tra�ectory screws. CBT-PLIF, posterior lumbar interbody fusion using cortical bone tra�ec-posterior lumbar interbody fusion using cortical bone tra�ectory screws. statistically significant risk factor for non-union at 12 months. Further, the union rate of junior surgeons tends to be lower than that of senior surgeons. These facts may cause insidious disruption of the intervertebral endplate in elderly patients during traumatic intra-operative procedures and/or use of hard closed-box titanium spacers, resulting in a higher incidence of subsidence and cyst formation. In sum, in any case, the insertion of spacers into the intervertebral space should be carefully performed in a gentle and atraumatic manner.
The limitations of this study were its retrospective design, the relatively small number of patients assessed, and the fact that the methods of surgical treatment differed as per the clinician who managed the patients. Although the number of patients was small and the methods of management were different from a statistical standpoint, our findings demonstrated stable clinical results in PLIF using closedbox spacers without filling the autologous bone and a low complication rate related to revision surgery. In fact, closed-box titanium spacers had no competitive advantage over other types of cages with respect to bone union, especially in cases with CBT-PLIF. Thus, to our knowledge, this was the first study to reveal risk factors for non-union during the early postoperative stage after PLIF with the use of spacers and to compare fusion progression from different viewpoints. Almost all patients achieved clinically satisfactory outcomes. However, patient-reported outcome measures were not assessed; therefore, further studies that involve a randomized prospective trial design and aim to evaluate the efficacy of closed-box spacers from multiple viewpoints is necessary.
Conclusions
This study demonstrated bone union rates and risk factors for non-union after alternative PLIF procedures using solid closed-box titanium spacers without filling the autologous bone. Although most patients showed a stable union rate, older age was associated with the risk of non-union at 12 months postoperatively. Therefore, when performing PLIF with spacers, surgeons should possess skillful surgical techniques and take care to prevent non-union, especially intra-operatively and during the early postoperative stage.
